There are two types of hyaluronidase inhibitor in noimal human serum; one is destroyed when the serum is heated at 55 C to 60 C for 15 to 30 min, the other is not (Thompson and Moses, 1949). The heat-labile inhibitor, referred to as the nonspecific inhibitor (NSI), is present in the serum of many different species and inhibits testicular and several bacterial hyaluronidases (Haas, 1946) . The relative effectiveness of this inhibitor against different bacterial enzymes has never been critically examined (Mathews and Dorfman, 1955) . Its reaction with hyaluronidase is characterized by the followving featuies: (1) it proceeds at a measurable rate (Haas, 1946; Hadidian and Pinie, 1948b); (2) is completely inhibited by concentrations of phosphate 0.05 M or higher (Haas, 1946; Hadidian and Pirie, 1948b) ; (3) requires the presence of magnesium or cobalt ion (Freeman et al., 1949; Hadidian, 1951) and (4) The viscosimetric method, based on the determination of half-time as a measure of enzyme activity, was used for hyaluronidase and inhibitor measurements (Hadidian and Pirie, 1948b; Hadidian, 1953) . The unit (U) of hyaluronidase activity is the activity of the amount of enzyme wvhich will give a half-time of 100 i 10 sec under the specified conditions. The unit of inhibitor activity is the activity of the amount of inhibitor which will inhibit 50 pei cent of a unit of hyaluronidase in 10 inin at 25 C, pH 7.2 and the specified salt concentration (Hadidian and Murphy, 1955 
There are two types of hyaluronidase inhibitor in noimal human serum; one is destroyed when the serum is heated at 55 C to 60 C for 15 to 30 min, the other is not (Thompson and Moses, 1949) . The heat-labile inhibitor, referred to as the nonspecific inhibitor (NSI), is present in the serum of many different species and inhibits testicular and several bacterial hyaluronidases (Haas, 1946) . The relative effectiveness of this inhibitor against different bacterial enzymes has never been critically examined (Mathews and Dorfman, 1955) . Its reaction with hyaluronidase is characterized by the followving featuies: (1) it proceeds at a measurable rate (Haas, 1946; Hadidian and Pinie, 1948b) ; (2) is completely inhibited by concentrations of phosphate 0.05 M or higher (Haas, 1946; Hadidian and Pirie, 1948b) ; (3) requires the presence of magnesium or cobalt ion (Freeman et al., 1949; Hadidian, 1951) and (4) is prevented or reversed by small amounts of proteolytic enzymes (Hadidian, 1953;  Hadidian and AMurphy, 1955) .
The heat-stable inhibitors, referred to as the specific inhibitors (SI), aire electrophoretically separable from NSI (Moore and Harris, 1949) and presumably are antibodies acting on specific enzymes (Harris and Harris, 1950; Emmart and Cole, 1955) . Such inhibitors are produced in animals immunized with hyaluronidase preparations and show a high degree of specificity (Harris and Harmis, 1950; Wenner et al., 1951 The viscosimetric method, based on the determination of half-time as a measure of enzyme activity, was used for hyaluronidase and inhibitor measurements (Hadidian and Pirie, 1948b; Hadidian, 1953) . The unit (U) of hyaluronidase activity is the activity of the amount of enzyme wvhich will give a half-time of 100 i 10 sec under the specified conditions. The unit of inhibitor activity is the activity of the amount of inhibitor which will inhibit 50 pei cent of a unit of hyaluronidase in 10 inin at 25 C, pH 7.2 and the specified salt concentration (Hadidian and Murphy, 1955) . Inhibitor activity is also expressed in terms of percentage inhibition of a unit of hyaluronidase in 10 min.
The hyaluronate used w as prepared by pyridine and ammonium sulfate precipitation (Hadidian and Pirie 1948a) . Testicular hyaluronidase was prepared from bull semen (Hadidian and Murphy, 1955) . Bacterial hyaluronidases were prepared from cultures of microorganisms grown in brainheart infusion broth (Difco) for 48 to 72 hr. Two to 4 L of culture of each organism were centrifuged and concentrated by ultrafiltration through a 25%2-inch Visking Cellulose tubing under one atmosphere of pressure. The active residue was dialyzed against distilled water and filtered through a 6-inch column of aluminum oxide. The filtrate was reconcentrated and freeze-dried.
The purification achieved by this method depends upon the breakdown of the nondialyzable material in the culture medium. Filtration through the aluminum oxide column usually renders the preparation sterile and gives a threefold purification in most instances, with little loss of activity; but a repetition of filtration results in some loss. Preparations thus obtained varied in activity between 0.25 U/mg and 15 U/mg. An enzyme preparation from Streptococcus mitis § 19 grown in a synthetic medium (Bernheimer et al., 1942) had an activity of 35 U/mg, but was unstable. Antigenically, and in other respects relevant to these studies, this preparation did not differ from the one routinely used.
For reversal of inhibition by the serum inhibitors, crystalline proteolytic enzymes and a fraction of moccasin venom without hyaluronidase activity were used (Hadidian, 1953 (Harris and Harris, 1950) . The animal was then bled, and the serum used fresh or freeze-dried and stored in a desiccator at 4 C. Preparations have retained full activity for 4 years under these conditions. The dried serum was dissolved in distilled water before use, and the solution heated at 60 C for 15 min to destroy the NSI. The sera of the experimental animals were tested before the injections and at intervals throughout the experiment. Normal sera had no heat-stable inhibitory activity against any of the hyaluronidases except that of a group L streptococcus. About fifty per cent of all animals tested showed a slight amount of heat-stable inhibitory activity against this hyaluronidase. A number of animals were injected with enzymes inactivated in 0.5 per cent of formaldehyde at 37 C for 48 hr, at which time the enzyjnes had lost all viscosity reducing activity. The human sera were obtained from students and laboratory workers.
Hyaluronidase producing microorganisms were isolated from saliva and carious debris. Samples were diluted in saline in the range of 10-5 to 10-9 and plated on horse blood agar, Chapman Stone medium, and mitis-salivarius agar plates. HADIDIAN, MAHLER, AND MIURPHY heart infusion broth. All isolates were identified by biochemical tests according to Bergey's manual (Breed et al., 1948 The rate of reaction. The inhibition of hyaluronidase by its specific inhibitor proceeds at a measurable rate between 25 C and 37 C (figure 2). This is similar to the inhibition of the testicular enzyme by the nonspecific inhibitor, but unlike its inhibition by the hyaluronic acid derivatives, which is virtually instantaneous (Hadidian and Pirie, 1948b) .
Effect of proteolytic enzymes. The nonspecific inhibitor is rapidly destroyed by proteolytic enzymes and the inhibition of testicular enzymes by NSI is reversed by small amounts of proteases (Hadidian, 1953) . This is true also of the inhibition of bacterial enzymes by NSI (table 2) . On the other hand, the inhibition of the enzyme by its specific inhibitor or by heated human serum proceeds normally in concentrations of protease shown to be effective against NSI in parallel experiments (table 2).
Effect of magnesium ion1. The nonspecific inhibitor will not inhibit the testicular enzyme if both the serum and the enzyme are dialyzed thoroughly unless magnesium ion is added to the reaction mixture (Freeman et al., 1949 Effect of proteolytic enzymes on the inhibition of bacterial hyaluronidases by specific and the nonspecific inhibitors Hyaluronidase (Hy) and inhibitor were incubated together for 20 min and the inhibition measured (column I). The specified amount of proteolytic enzyme was then added to the remaining mixture, which was maintained at 25 C for the indicated length of time before a second measurement of inhibition (column II). SI, specific; NSI, nonspecific inhibitors. (Ha- completely blocks the inhibition of bacterial enzymes by the nonspecific inhibitor. It decreases, but does not block the inhibition of the enzymes by their specific inhibitors or heated human serum (table 4) .
The similarity between the heat-stable inhibitors of human serum and the inhibitors produced by immunized rabbits is evident. To determine whether the inhibitors in human serum have the same specificity as the inhibitors of immunized rabbit serum, eight samples of heated human Normal human serum contains several specific inhibitors as well as the nonspecific inhibitor. It would be desirable to know which type of inhibitor is more effective in vivo against an enzyme that is inhibited by both. To study this point several rabbits were immunized against enzymes which are inhibited by the nonspecific inhibitor. When the titer of the specific inhibitor in the serum had reached an adequate level, the animals were given a large dose of the immunizing enzyme intravenously. The level of both inhibitors was measured before and after the injection. Table 6 gives the results of three such experiments. On the basis of these experiments, it can be assumed that the nonspecific inhibitor reacts with the enzyme only after the specific inhibitor in the serum is exhausted. More experiments of this type are neces- sarv to reach a definite conclusion; the limited supply of the enzymes, however, restricts the number of such experiments.
DISCUSSION
It has been more or less tacitly assumed that the heat-stable inhibitors of hyaluronidase in human serum are specific antibodies similar to those produced experimentally in animals. The evidence presented in this paper supports this assumption. The specific inhibitors from immunized rabbits or human serum differ from the nonspecific in so many ways that any concept of the nonspecific inhibitor as a universally occurring antibody is untenable. The biological role of this inhibitor remains ambiguous. It can inhibit a number of bacterial enzymes, but these are the enzymes most consistently inhibited by heated human serum. It may be instrumental in the production of specific inhibitors, since it will combine immediately with a susceptible enzyme in the circulation. It has many properties in common with the properdin system (Pillemer, 1956) These inhibitors were compared with the heatlabile (nonspecific) inhibitors of rabbit and human serum and with the heat-stable inhibitors of human serum in their reaction with hvaluronidase with respect to: (1) rate of reaction, (2) magnesium ion requirement, (3) inhibition by phosphate, and (4) protease sensitivity. The specific inhibitors and the heat-stable inhibitors of human serum are identical in these respects and differ from the nonspecific inhibitors. The specific inhibitor of any one of the enzymes of the three organisms, S. mitis # 19, D. pneumoniae and streptococcus group K, is equally effective against the other two. There is no other crossinhibition.
The heat-stable inhibitors of human serum have the same pattern of specificity as the specific inhibitors obtained from rabbits.
In vivo experiments indicate that an enzyme susceptible to both the nonspecific and a specific inhibitor reacts with the specific inhibitor in the circulation before it reacts with the nonspecific inhibitor.
